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(57) ABSTRACT

Medical imaging 1s carried out by transmitting X-ray emis-
sions through a subject, generating a first set of temporally
separated images of an area of interest 1n the subject from the
transmitted X-ray emissions, generating a second set of tem-
porally separated images from the area of interest from a
second source, and combining the sets to produce combined
images ol the area of interest. The method 1s turther carried
out by blocking the X-ray emissions from reaching the sub-
ject, updating the second set, combining the first set with the
updated second set to produce updated combined 1mages,
displaying the updated combined 1images, and when a prede-
termined condition 1s satisiied, iterating updating the second
set, combining the first set with the updated second set, and
displaying the updated combined 1mages.
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pY; 18
£ 1;%
,;; ﬁf A4

WAy { 3 i3

L | -1 L)

!_"\. }‘(: il: )
.‘-I' o, ‘-\. I‘ r‘ b




US 9,050,056 B2

Page 2
(51) Int. Cl. 6,944,269 B2  9/2005 Schmitt
AG6IRB 6/06 (2006.01) 6,097.924 B2  2/2006 Schwartz
A61B 18/14 (2006.01) 8018 By 52009 Coman
A61B 18/00 (2006.01) 7756576 B2 7/2010 Levin
A61B 19/00 (2006.01) 7,983,383 B2 7/2011 Kadomura et al.
A61B 5/0402 (2006.01) 8,075,486 B2  12/2011 Tal
~ 2003/0073901 A 4/2003 Simon
jgg ;;823 (3882‘8:‘) 2007/0086559 A 4/2007 Dobbs
( - ;~) 2010/0322375 Al 12/2010 Hirokawa
A61B 17/00 (2006.01) 2011/0021903 Al 1/2011 Strommer
2011/0164725 Al* 7/2011 Moritaetal. ovvvveviini, 378/62
(56) References Cited 2013/0303884 Al* 11/2013 Kuntzetal. ................... 600/417
U.S. PATENT DOCUMENTS OTHER PUBLICATIONS
6.650,927 Bl  11/2003 Keidar U.S. Appl. No. 13/295,594, filed November 14, 2011.

6,814,733 B2 11/2004 Schwartz _ _
6,892,091 Bl 5/2005 Ben-Haim * cited by examiner



U.S. Patent Jun. 9, 2015 Sheet 1 of 3 US 9,050,056 B2

\

FIG. 1



U.S. Patent

SWITCH COLLIMATOR COMPARE

Jun. 9, 2015 Sheet 2 of 3 US 9,050,056 B2

ACTIVE X-RAY CONTROL 53

GENERATE REAL IMAGE.[ ™99
DISPLAY REAL IMAGE
GENERATE 57
SIMULATED IMAGE

SWITCH

OFF. DISPLAY SIMULATED AND} 65~ COLLIMATOR

SIMULATED IMAGE REAL IMAGES

ON

61

CONDITIONS
SATISFIED?

YES

FIG. 2

ACTIVE X-RAY CONTROL 53

GENERATE REAL IMAGE .[™~55
DISPLAY REAL IMAGE
SWITCH .

57 GENERATE
SIMULATED IMAGE !ADJUST COLLIMATOR!'\IBQ
SWITCH COLLIMATOR |~ _ 53 COMPARE ADJUST CONDITIONS 71
OFF. DISPLAY SIMULATED AND

SIMULATED IMAGE | 997 REAL IMAGES
IDENTIFY REGIONS|
51 OF INTEREST

CONDITIONS
SATISFIED?

YES NO

FIG. 3



U.S. Patent Jun. 9, 2015 Sheet 3 of 3 US 9,050,056 B2

FIG. 4



US 9,050,056 B2

1

REDUCED X-RAY EXPOSURE BY
SIMULATING IMAGES

BACKGROUND OF THE INVENTION

1. Field of the Invention

This 1nvention relates to tissue ablation systems. More
particularly, this invention relates to tissue ablation systems
that involve combinations of fluoroscopic techniques, and

non-tluoroscopic imaging techniques.
2. Description of the Related Art

Cardiac arrhythmias, such as atrial fibrillation, occur when
regions of cardiac tissue abnormally conduct electric signals
to adjacent tissue, thereby disrupting the normal cardiac cycle
and causing asynchronous rhythm.

Procedures for treating arrhythmia include surgically dis-
rupting the origin of the signals causing the arrhythmaia, as
well as disrupting the conducting pathway for such signals.
The ablation process destroys the unwanted electrical path-
ways by formation of non-conducting lesions.

SUMMARY OF THE INVENTION

More recently, sophisticated systems of electroanatomic
mapping have been used to detect arrhythmogenic areas
within the heart and to guide ablation. Fluoroscopy or com-
puted tomography may be used to complement electroana-
tomic mapping in order to produce a visual reconstruction of
the cardiac chambers. An example 1s described in commonly
assigned application Ser. No. 13/295,594, which 1s herein,
which 1s herein incorporated by reference. A position proces-
sor accurately relates the position of the tip of an ablation
catheter to target areas using the reconstruction, 1 order to
assure contact between an ablation electrode at the catheter
tip and the endocardial surface.

There 1s provided according to embodiments of the mnven-
tion a method of medical imaging, which 1s carried out by
transmitting X-ray emissions originating from a first source
through a subject, generating a first set of temporally sepa-
rated 1mages of an area of interest in the subject from the
transmitted X-ray emissions, generating a second set of tem-
porally separated images from the area of interest 1n a second
source, and combining the first set and the second set to
produce combined 1images of the area of interest. The method
1s further carried out by blocking the X-ray emissions from
reaching the subject, updating the second set, combining the
first set with the updated second set to produce updated com-
bined 1mages of the area of interest, displaying the updated
combined 1mages, and when a predetermined condition 1s
satisiied, iterating updating the second set, combining the first
set with the updated second set, and displaying the updated
combined 1mages.

A turther aspect of the method 1s carried out when the
predetermined condition 1s not satisfied by discontinuing,
blocking the X-ray emissions from reaching the subject,
again generating a first set to produce a new first set, and
thereafter iterating blocking the X-ray emissions, updating,
combining the first set with the updated second set using the
new first set as the first set.

Yet another aspect of the method includes identiiying
regions 1n the area of interest having features that have
changed subsequent to a previous performance of generating
a {irst set, and discontinuing blocking the X-ray emissions by
permitting transmission of the X-ray emissions through the
subject to the 1dentified regions while excluding transmission
of the X-ray emissions to other portions of the area of interest.
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One aspect of the method includes 1dentifying regions 1n
the area of interest having features that are likely to change
subsequent to a current performance of generating a {irst set,
and discontinuing blocking the X-ray emissions by permit-
ting transmission of the X-ray emissions through the subject
to the 1dentified regions while excluding transmission of the
X-ray emissions to other portions of the area of interest.

In an aspect of the method, the steps of blocking and
discontinuing blocking the X-ray emissions are performed by
disposing a collimator 1n a path of the X-ray emissions, and
adjusting the collimator to regulate the X-ray emissions pass-
ing therethrough.

According to an additional aspect of the method, the sec-
ond set 1s an electroanatomic map.

One aspect of the method 1ncludes mtroducing a catheter
into the area of interest, wherein the second set includes
positional information of the catheter.

Still another aspect of the method includes varying the
predetermined condition between iterations of generating a
first set.

There 1s further provided according to embodiments of the
ivention a method of medical imaging, which 1s carried out
by introducing a cardiac catheter into a heart of a subject,
activating a fluoroscopic 1imaging unit having an adjustable
collimator and an 1mage intensifier unit to transmit X-ray
emissions originating to an area of interest in the heart. The
method 1s further carried out using an 1mage processor by
receiving X-ray 1image data from the image intensifier unait,
and generating a {irst set of temporally separated 1images of
the area of 1interest from the X-ray image data. The method 1s
turther carried out with a cardiac 1maging system by gener-
ating a second set of temporally separated electroanatomic
images from the area of interest, the electroanatomic images
including a distal portion of the catheter, combining the first
set and the second set to produce combined images of the area
of interest, blocking the X-ray emissions from reaching the
subject by adjusting the collimator, updating the second set.
The method 1s further carried out with the image processor by
combining the first set with the updated second set to produce
updated combined 1images of the area of interest, displaying
the updated combined 1mages, and when a predetermined
condition 1s satisfied, iterating updating the second set, com-
bining the first set with the updated second set and displaying
the updated combined 1images.

There 1s further provided according to embodiments of the

invention an apparatus for medical imaging for carrying out
the above-described methods.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

For a better understanding of the present invention, refer-
ence 1s made to the detailed description of the invention, by
way of example, which 1s to be read 1n conjunction with the
following drawings, wherein like elements are given like
reference numerals, and wherein:

FIG. 1 1s a pictorial 1llustration of a system for performing
ablative procedures on a heart of a living subject, which 1s
constructed and operative 1n accordance with an embodiment
of the invention;

FIG. 2 1s a flow chart of a method of 1image display 1n
accordance with an embodiment of the invention:

FIG. 3 1s a flow chart of a method of 1image display 1n
accordance with an alternate embodiment of the invention;
and




US 9,050,056 B2

3

FI1G. 4 1s a screen display of a simulated 1image of a heart in
accordance with an embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

In the following description, numerous specific details are
set forth 1n order to provide a thorough understanding of the
various principles of the present invention. It will be apparent
to one skilled 1n the art, however, that not all these details are
necessarily always needed for practicing the present mnven-
tion. In this mstance, well-known circuits, control logic, and
the details of computer program instructions for conventional
algorithms and processes have not been shown 1n detail 1n
order not to obscure the general concepts unnecessarily.

Aspects of the present invention may be embodied 1n soft-
ware programming code, which 1s typically maintained in
permanent storage, such as a computer readable medium. In a
client/server environment, such software programming code
may be stored on a client or a server. The soltware program-
ming code may be embodied on any of a variety of known
non-transitory media for use with a data processing system,
such as USB memory, hard drive, electronic media or CD-
ROM. The code may be distributed on such media, or may be
distributed to users from the memory or storage of one com-
puter system over a network of some type to storage devices
on other computer systems for use by users of such other
systems.

Turning now to the drawings, reference 1s nitially made to
FIG. 1, which 1s a pictonal 1llustration of a system 10 for
performing ablative procedures on a heart 12 of a living
subject, which 1s constructed and operative 1n accordance
with a disclosed embodiment of the mvention. The system
comprises a catheter 14, which 1s percutaneously 1nserted by
an operator 16 through the patient’s vascular system 1nto a
chamber or vascular structure of the heart 12. The operator 16,
who 1s typically a physician, brings the catheter’s distal tip 18
into contact with the heart wall at an ablation target site.
Electrical activation maps, anatomic positional information,
1.€., of the distal portion of the catheter, and other functional
images may then be prepared using a processor 23 located 1n
a console 24, according to the methods disclosed in U.S. Pat.
Nos. 6,226,542, and 6,301,496, and in commonly assigned
U.S. Pat. No. 6,892,091, whose disclosures are herein incor-
porated by reference. One commercial product embodying
clements of the system 10 1s available as the CARTO® 3
System, available from Biosense Webster, Inc., 3333 Dia-
mond Canyon Road, Diamond Bar, Calif. 91765, which 1s
capable of producing electroanatomic maps of the heart as
required for the ablation. This system may be modified by
those skilled 1n the art to embody the principles of the inven-
tion described herein.

Areas determined to be abnormal, for example by evalua-
tion of the electrical activation maps, can be ablated by appli-
cation of thermal energy, e.g., by passage of radiofrequency
clectrical current through wires 1n the catheter to one or more
clectrodes at the distal tip 18, which apply the radiofrequency
energy to the myocardium. The energy i1s absorbed in the
tissue, heating (or cooling) 1t to a point (typically about 50°
C.) at which it permanently loses its electrical excitability.
When successtul, this procedure creates non-conducting
lesions 1n the cardiac tissue, which disrupt the abnormal
clectrical pathway causing the arrhythmia. The principles of
the 1nvention can be applied to different heart chambers to
treat many different cardiac arrhythmias.

The catheter 14 typically comprises a handle 20, having
suitable controls on the handle to enable the operator 16 to
steer, position and orient the distal end of the catheter as
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desired for the ablation. To aid the operator 16, the distal
portion of the catheter 14 contains position sensors (not
shown) that provide signals to a positioning processor 22,
located 1n the console 24.

Ablation energy and electrical signals can be conveyed to
and from the heart 12 through the catheter tip and/or one or
more ablation electrodes 32 located at or near the distal tip 18
via cable 34 to the console 24. Pacing signals and other
control signals may be conveyed from the console 24 through
the cable 34 and the electrodes 32 to the heart 12. Sensing
clectrodes 33, also connected to the console 24 are disposed
between the ablation electrodes 32 and have connections to
the cable 34.

Wire connections 35 link the console 24 with body surface
clectrodes 30 and other components of a positioning sub-
system. The electrodes 32 and the body surface electrodes 30
may be used to measure tissue impedance at the ablation site
as taught 1n U.S. Pat. No. 7,536,218, i1ssued to Govari et al.,
which 1s herein incorporated by reference. A temperature
sensor (not shown), typically a thermocouple or thermaistor,
may be mounted on or near each of the electrodes 32.

The console 24 typically contains one or more ablation
power generators 25. The catheter 14 may be adapted to
conduct ablative energy to the heart using any known ablation
technique, e.g., radiofrequency energy, ultrasound energy,
freezing technique and laser-produced light energy. Such
methods are disclosed 1n commonly assigned U.S. Pat. Nos.
6,814,733, 6,997,924, and 7,156,816, which are herein incor-
porated by reference.

The positioning processor 22 1s an element of a positioning,
subsystem 1n the system 10 that measures location and ori1-
entation coordinates of the catheter 14.

In one embodiment, the positioning subsystem comprises a
magnetic position tracking arrangement that determines the
position and orientation of the catheter 14 by generating
magnetic fields 1 a predefined working volume and sensing
these fields at the catheter, using field generating coils 28. The
positioning subsystem may employ impedance measure-
ment, as taught, for example mm U.S. Pat. No. 7,756,576,
which 1s hereby incorporated by reference, and 1n the above-
noted U.S. Pat. No. 7,536,218.

A fluoroscopic imaging device 37 has a C-arm 39, an x-ray
source 41, an 1mage intensifier module 43 and an adjustable
collimator 45. A control processor 47, which may be located
in the console 24, allows an operator to control the operation
ol the fluoroscopic imaging device 37, for example by setting
imaging parameters, and controlling the collimator 45 to
adjust the size and position of the field of view. The control
processor 47 may communicate with the fluoroscopic imag-
ing device 37 via a cable 51 to enable and disable the x-ray
source 41 or restrict 1ts emissions to a desired region of
interest by controlling the collimator 45, and to acquire image
data from the 1mage intensifier module 43. An optional dis-
play monitor 49, linked to the control processor 47, allows the
operator to view 1mages produced by the fluoroscopic 1imag-
ing device 37. When the display monitor 49 1s not included,
the fluoroscopic 1mages may be viewed on a monitor 29,
either via a split screen or 1n alternation with other non-
fluoroscopic 1mages.

As noted above, the catheter 14 1s coupled to the console
24, which enables the operator 16 to observe and regulate the
functions of the catheter 14. The processor 23 1s typically a
computer with appropriate signal processing circuits. The
processor 23 1s coupled to drive the monitor 29. The signal
processing circuits typically receive, amplity, filter and digi-
tize signals from the catheter 14, including signals generated
by the above-noted sensors and a plurality of location sensing
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clectrodes (not shown) located distally 1n the catheter 14. The
digitized signals are received and used by the console 24 and
the positioning system to compute the position and orienta-
tion of the catheter 14 and analyze the electrical signals from
the electrodes, and generate desired electroanatomic maps.

Typically, the system 10 includes other elements, which are
not shown in the figures for the sake of simplicity. For
example, the system 10 may include an electrocardiogram
(ECG) monitor, coupled to recerve signals from one or more
body surface electrodes, to provide an ECG synchromization
signal to the console 24. As mentioned above, the system 10
typically also includes a reference position sensor, either on
an externally-applied reference patch attached to the exterior
of the subject’s body, or on an internally-placed catheter,
which 1s inserted into the heart 12 maintained in a fixed
position relative to the heart 12. Conventional pumps and
lines for circulating liquids through the catheter 14 for cool-
ing the ablation site are provided.

In order to minimize radiation, the operation of the fluoro-
scopic 1maging device 37 1s coordinated with the processor
23. This may be accomplished using a specialized image
processor 27, which may be located 1n the console 24. Alter-
natively the functions of the image processor 27 may be
carried out by the processor 23. In either case composite or
sequential alternating images derived from the tluoroscopic
imaging device 37 and from the electroanatomic maps are
displayed for the operator 16 on the monitor 29. Such images
may be gated to the cardiac cycle or non-gated as may be
required for the medical procedure.

Operation.

From a safety point of view, exposure to X-ray radiation,
both for a patient and for staff in the vicinity of the patient,
needs to be mimmized. The method described herein helps to
mimmize the amount of radiation used by applying images
produced using the radiation, herein termed “real 1images,” to
generate simulated images (also referred to as combined
images) that do not directly rely on the radiation. The real
images and the simulated 1images are displayed sequentially
on a system monitor, and the iterspersal of the two sets of
images reduces the overall flux of X-ray radiation, while
maintaining a good 1image quality on the monitor. The inter-
spersal of 1images may be implemented according to the fol-
lowing flowchart.

Reference 1s now made to FIG. 2, which 1s a flow chart of
a method of image display 1n accordance with an embodiment
of the invention. The method 1s described for convenience
with reference to the components of the system 10 (FIG. 1),
but 1s not limited to this particular system. The discussion of
FIG. 2 sometimes refers for convenience to the CARTO sys-
tem. However, 1t will be understood that while this system 1s
suitable for performance of the method, 1t 1s not unique, 1n
that other position and 1mage processors, may be acceptable
as well.

In 1n1tial step 53, i1t 1s assumed that the catheter 14 has been
introduced into the subject and that the facilities of the fluo-
roscopic 1maging device 37 and the console 24 are opera-
tional. An operator activates a control, typically a foot pedal,
to activate the fluoroscopic imaging device 37. The subject 1s
exposed to X-ray emissions via the collimator 45. The emis-
s1ons that pass through the subject are detected 1n the 1mage
intensifier module 43, which transmits signals to the image
processor 27.

At step 55 the image processor 27 generates and displays a
series of temporally separated X-ray images (referred to
herein as “real images™ or “real X-ray images”™). The framing,
rate 1s typically 7.5-15 frames per second. These may be gated
according to the cardiac cycle, sequentially displayed, and
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optionally integrated with other information that 1s not
derived from the X-ray imaging. For example, the integrated
images may include locations of catheters derived from the
positioning processor 22, which as noted above, can be the
above noted CARTO system. Additionally or alternatively,
maps and functional information derived from respiration and
from the heart beat may be integrated into the real X-ray
images, €.g., standard maps generated by the CARTO system,
such as a semi-transparent CARTO map, typically gated for
heartbeat and respiration, may also be integrated into the real
X-ray 1mage. This image 1s referred to as a “composite
image”.

At step 57 temporal updates of the CARTO system, (or
other mapping system), catheter location are produced, and
are recerved asynchronously with respect to the image
sequence produced by the fluoroscopic imaging device 37.
The 1mage processor 27 or an optional dedicated simulated
image module (not shown) integrates the updates to generate
a stmulated image. This simulated image 1s based on temporal
updates including: catheter movements (that are learned from
the positioning subsystem), movements based on the heart
and respiration (that are learned from the mapping system
with respiration gating), and movements based on the heart
beat (that are based on ECG signal analysis).

Next, at step 59 the 1mage processor 27 compares the most
recent composite image generated with the simulated 1mage.
These may be displayed on the monitor 29 or on the optional
display monitor 49.

Next, at decision step 61, 1t 1s determined 11 the comparison
in step 59 satisfies certain preset conditions (described
below). If the determination at decision step 61 1s aflirmative,
then control proceeds to step 63. The processor switches the
collimator off, 1.¢., blocks X-ray emissions from reaching the
subject and the image intensifier module 43, even though the
X-ray control 1s activated. The simulated 1mage containing
the most recent update from the CARTO system 1s displayed
on the monitor 29. Control returns to step 57, where the
simulated 1mage module continues to produce simulated
images, and, in iterations of step 59, and decision step 61,
providing that the preset conditions continue to be satisfied,
new simulated 1mages are iteratively displayed in step 63, and
the collimator remains off.

If the determination at decision step 61 1s negative then
control proceeds to step 65. The collimator 1s switched on,
1.€., adjusted to allow X-ray emissions to reach the subject and
the 1mage intensifier module 43. Control returns to step 335
and a new series of real X-ray images 1s generated.

In either case, the process continues so long as the X-ray
control remains activated. When the X-ray control i1s deacti-
vated, the last simulated 1mage generated continues to be
displayed on the monitor 29.

Preset Conditions.

Continuing to refer to FIG. 2, the preset conditions men-
tioned 1n decision step 61 relate to an acceptable deviation 1n
a simulated 1image from an ideal registration between the
components provided by the fluoroscopic imaging device 37
and the CARTO system. The conditions may be configured or
adjusted by the operator, a procedure that may be at least
partly guided interactively by the program of the 1image pro-
cessor 27.

The maccuracy or deviation 1s automatically detected by
the 1mage processor 27 in coordination with the CARTO
system. Techniques for placing images produced by different

modalities in registration are also known from U.S. Pat. Nos.
6,650,927 and 8,075,486, of common assignee herewith, and
herein incorporated by reference.
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The 1naccuracy detected by the system may be a spatial
deviation of a feature 1n the synthetic image, e.g., a determi-

nation determining that a particular element of the 1image,
such as the position of a catheter, i1s incorrect or out of regis-
tration by at least a threshold value. For example, the operator
may be willing to tolerate up to 2 mm. of spatial deviation as
measured in step 59. Alternatively, the maccuracy may be
temporal, e.g., more than 4 s have elapsed since the last real
image was taken, and the synthetic 1mage can no longer be
guaranteed to be 1n registration.

Further alternatively, the inaccuracy may be a function of a
combination of parameters, €.g., respiratory, circulatory and
clectrical parameters. For example, the conditions may be
satisiied 11 the spatial mnaccuracy is less than 2 mm and the
time since the last real image 1s less than 4 sec, or if the spatial
inaccuracy 1s less than 3 mm and the time 1s less than 2 sec.
Other parameters that may be incorporated into the condi-
tions include the patient breath that 1s analyzed 1n the Carto
system based on the impedance between back and front
patches, heart rate changes, and changes 1n color or gray level
of the image.

Further alternatively, the system can save a bank of gener-
ated real 1mages 1n a database, each 1n a different phase of the
heart beat cycle, and 1n a variety of heart rate cycles. Each
simulated 1mage can be based on the most relevant image
from the database.

Alternate Embodiment

The method according to this embodiment limits the sub-
ject’s total radiation exposure by generation of regional X-ray
images within the field of view of the collimator 45. This 1s
done by adjusting the collimator 45 to permit exposure only 1n
particular spatiotemporal regions having features that are
likely to have changed state or position or to change 1n the
near future, 1.e., within a time interval encompassing new
updates from the CARTO system. Making a prediction of
regions that are likely to change may be done by compiling
and evaluating a historical record of regions that have previ-
ously changed during the procedure. Additionally or alterna-
tively, a prediction may be facilitated by employing knowl-
edge of the particular medical procedure being conducted,
¢.g., by maintaining a knowledge base. For example, 1t may
be deduced from the knowledge base that the distal extremity
of the catheter 14 (FI1G. 1) 1s likely to change position. It may
also be deduced from recognition of tachypnea in the subject.
In addition the system can 1dentily that an update of a specific
image 1s missing in the database, 1.e., the latest image 1n the
database 1s ‘old’. Other parameters that may influence the
decision include: a determination that the force on the cath-
cter tip/electrodes 1s suificient to cause heart wall tenting to
occur; and knowledge of the ablation status. During actual
ablation the required accuracy 1s higher. Moreover, perfor-
mance of algorithms for analysis of perforation risk upon
sudden drop 1n catheter force may turther indicate that new
real images need to be taken.

For example 11 a particular feature, e.g., a catheter tip, has
changed position in the recent updates from the CARTO
system, the next series of X-ray images may be limited to the
region ol space that 1s likely to contain the tip. Moreover, 1
the tip 1s seen to move only during certain phases of the
cardiac cycle, the X-ray exposure may be gated to only
include those phases as well as be spatially limited.

Reference 1s now made to FIG. 3, which 1s a flow chart of
a method of 1mage display 1n accordance with an alternate
embodiment of the mvention, and which 1s explained with
continued reference to the example of the system 10 (FIG. 1)
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for convenience and not by way of limitation. The description
of those steps 1n FIG. 3 that are common to FIG. 2 are not

repeated 1n the interest of brevity.

After performing initial step 33, and steps 35, 57 and 59 as
described above, and when the determination at decision step
61 1s negative, 1.e., the conditions are not satisfied, control
passes to step 67. Where regions of the image that have
changed state or position are identified by comparison of a
historical record of updated images recerved from the
CARTO system. Typically updates spanning the last four
seconds are examined. The fluoroscopic 1images can be trans-
terred based on a DICOM protocol, or based on any other
image/video transfer protocol. A prediction 1s formed of
motion-rich regions (formed from previously-transmitted
frames). The prediction 1s subtracted from the current frame
to form a residual motion-compensated difference frame,
which 1s then suitably transformed and may be quantized,
coded, and processed in the image processor 27 to identily the
regions of interest, and optionally transmitted to the monitor
29. Moreover, the coded frame 1s reconstructed and stored by
the 1mage processor 27 for future predictions.

Next, at step 71, the conditions used 1n decision step 61
may be adjusted, regionally or globally. For example, the
spatial conditions may be made more stringent (so that only a
small difference between the real and simulated 1mages sat-
1sfies the conditions) for a particular region while it 1s being
ablated. The conditions for the region may be relaxed when
the region 1s not being ablated. Of course, 1f the current
conditions are satisiactory, step 71 may be 1gnored.

Next at step 69, the collimator 45 1s adjusted such that the
X-ray emissions conform to the regions of interest identified
in step 67.

Control then returns to step 53 for another 1teration, using,
regional 1images as the real images. The process iterates so
long as the X-ray control remains activated.

Example

Reterence 1s now made to FI1G. 4, which 1s a representative
screen display of a composite or sitmulated 1image of a heart in
accordance with the method described 1n FIG. 3, wherein the
outcome of decision step 61 has required more tluoroscopic
images to be obtained. The image of FIG. 4 1s shown follow-
ing completion of step 67. A fluoroscopic image and a Carto
image are presented together. A lasso 75 and shait 81 of a
cardiac catheter are shown positioned 1n the heart as double
images, presenting their current position of the lasso 75 and
their positions 1n the previous determination. Two rectangular
regions of interest 77, 79 encompass the lasso 75 and the shaft
81, respectively, but do not include other portions of the
fluoroscopic 1mage. Subsequent X-ray exposures are to be
limited to the regions of interest 77, 79. Since the field of view
of a fluoroscopic 1mage can be limited to a particular rect-
angle, the two regions of interest 77, 79 can be acquired at two
different points 1n time.

It has been found that using the method of FIG. 3, Limiting,
exposure to regions of interest, e.g., regions of interest 77, 79,
can decrease the total radiation exposure by 90%, 1.e., the area
irradiated by X-rays may be limited to 10% of the total field
of view. Furthermore, the avoidance of repeated exposure to
X-ray when the determination decision step 61 (FIG. 3) 1s
allirmative can reduce the effective framing rate from a con-
ventional 15 frames per second to about 1.5 frames per sec,
because exposure typically occurs only 10% of the time.

It will be appreciated by persons skilled 1n the art that the
present mnvention 1s not limited to what has been particularly
shown and described heremnabove. Rather, the scope of the
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present mnvention includes both combinations and subcombi-
nations of the various features described hereinabove, as well
as variations and modifications thereof that are not in the prior
art, which would occur to persons skilled in the art upon
reading the foregoing description.

The mvention claimed 1s:
1. A method of medical imaging, comprising the steps of:
transmitting X-ray emissions originating from a first
source through a subject;
generating a {irst set of temporally separated 1images of an
area of interest in the subject from the transmitted X-ray
emissions;
generating a second set of temporally separated 1mages
from the area of interest in a second source;
combining the first set and the second set to produce com-
bined 1mages of the area of interest;
blocking the X-ray emissions from reaching the subject;
updating the second set;
combining the first set with the updated second set to
produce updated combined 1mages of the area of inter-
est;
displaying the updated combined images; and
when a predetermined condition 1s satisfied, iterating the
steps of updating the second set, combining the first set
with the updated second set and displaying the updated
combined 1mages, and when the predetermined condi-
tion 1s not satisfied discontinuing blocking the X-ray
emissions from reaching the subject, and again perform-
ing the step of generating a {irst set to produce a new {irst
set, and thereafter iterating the steps of blocking the
X-ray emissions, updating, combining the first set with
the updated second set using the new first set as the first
set.
2. The method according to claim 1, further comprising the
steps of:
identifying regions 1n the area of interest having features
that have changed subsequent to a previous performance
of the step of generating a first set; and
performing the step discontinuing blocking the X-ray
emissions by permitting transmission of the X-ray emis-
s1ons through the subject to the identified regions while
excluding transmission of the X-ray emissions to other
portions of the area of interest.
3. The method according to claim 1, further comprising the
steps of:
identifying regions in the area of interest having features
that are likely to change subsequent to a current perfor-
mance of the step of generating a first set; and
performing the step discontinuing blocking the X-ray
emissions by permitting transmission of the X-ray emis-
s1ons through the subject to the identified regions while
excluding transmission of the X-ray emissions to other
portions of the area of interest.
4. The method accordmg to claim 1, wherein the steps of
blocking the X- -ray emissions and dlscontmumg blocking
the X-ray emissions are performed by disposing a colli-
mator 1n a path of the X-ray emissions; and
adjusting the collimator to regulate the X-ray emissions
passing therethrough.
5. The method according to claim 1, wherein the second set
comprises an electroanatomic map.
6. The method according to claim 1, further comprising the
step of:
introducing a catheter into the area of interest, wherein the
second set comprises positional information of the cath-
cter.
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7. The method according to claim 1, further comprising the

step of varying the predetermined condition between itera-
tions of generating a first set.

8. An apparatus for medical imaging, comprising the steps

An X-ray unit having an image intensifier and an adjustable
collimator, the X-ray unit operative for transmitting
X-ray emissions via the collimator to an area of interest
in a heart of a subject;

an 1mage processor, receving X-ray image data from the
X-ray unit, and operative for generating a first set of
temporally separated 1mages of the area of interest by
processing the X-ray image data;

a cardiac 1maging system, operative for generating elec-
troanatomic maps of the heart and positional informa-
tion of a cardiac catheter introduced therein, the cardiac
imaging system operative for generating a second set of
temporally separated images from the area of interest,
wherein the 1image processor and the cardiac 1imaging
system are cooperative for performing the steps of:

combining the first set and the second set to produce com-
bined 1images of the area of interest;

blocking the X-ray emissions from reaching the subject;

updating the second set;

combining the first set with the updated second set to
produce updated combined 1mages of the area of inter-
est;

displaying the updated combined 1mages; and

when a predetermined condition 1s satisfied, iterating the
steps of updating the second set, combining the first set
with the updated second set and displaying the updated
combined images, and when the predetermined condi-
tion 1s not satisfied discontinuing blocking the X-ray
emissions from reaching the subject, and again perform-
ing the step of generating a first set to produce a new {first
set, and thereafter iterating the steps of blocking the
X-ray emissions, updating, combining the first set with
the updated second set using the new first set as the first
set.

9. The apparatus according to claim 8, wherein the 1mage

processor and the cardiac 1imaging system are cooperative for
performing the further steps of:

identifying regions 1n the area of interest having features
that have changed subsequent to a previous performance
of the step of generating a first set; and

performing the step discontinuing blocking the X-ray
emissions by permitting transmission of the X-ray emis-
stons through the subject to the identified regions while
excluding transmaission of the X-ray emissions to other
portions of the area of interest.

10. The apparatus according to claim 8, wherein the image

processor and the cardiac imaging system are cooperative for
performing the further steps of:

identifying regions in the area of interest having features
that are likely to change subsequent to a current pertor-
mance of the step of generating a first set; and

performing the step discontinuing blocking the X-ray
emissions by permitting transmission of the X-ray emis-
stons through the subject to the identified regions while
excluding transmission of the X-ray emissions to other
portions of the area of interest.

11. A method of medical imaging, comprising the steps of:

Introducing a cardiac catheter into a heart of a subject;

activating a tfluoroscopic imaging unit having an adjustable
collimator and an i1mage intensifier unit to transmait
X-ray emissions originating to an area of interest 1n the
heart:
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with an 1image processor recerving X-ray image data from

the 1mage intensifier unit, and generating a first set of

temporally separated images of the area of interest from
the X-ray image data;

with a cardiac 1imaging system generating a second set of °

temporally separated electroanatomic 1images from the
area of iterest, the electroanatomic 1mages including a
distal portion of the catheter;

combining the first set and the second set to produce com-
bined 1images of the area of interest;

blocking the X-ray emissions from reaching the subject by
adjusting the collimator;

updating the second set;

with the 1mage processor combining the first set with the
updated second set to produce updated combined
images of the area of interest;

displaying the updated combined images; and

when a predetermined condition 1s satisfied, iterating the
steps of updating the second set, combining the first set
with the updated second set and displaying the updated
combined 1mages, and when the predetermined condi-
tion 1s not satisfied discontinuing blocking the X-ray

emissions from reaching the subject by readjusting the
collimator, and again performing the step of generating
a {irst set to produce a new first set, and thereafter iter-
ating the steps of blocking the X-ray emissions, updat-
ing, combining the first set with the updated second set
using the new first set as the first set.

12. The method according to claim 11, further comprising

the steps of:
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identifying regions 1n the area of interest having features
that have changed subsequent to a previous performance
of the step of generating a first set; and

performing the step discontinuing blocking the X-ray
emissions by permitting transmission of the X-ray emis-
sions through the subject to the identified regions while
excluding transmission of the X-ray emissions to other
portions of the area of interest.

13. The method according to claim 11, further comprising
the steps of:

identifying regions 1n the area of interest having features
that are likely to change subsequent to a current perfor-
mance of the step of generating a first set; and

performing the step discontinuing blocking the X-ray
emissions by permitting transmission of the X-ray emis-
stons through the subject to the identified regions while
excluding transmaission of the X-ray emissions to other
portions of the area of interest.

14. The method according to claim 11, wherein the prede-
termined condition comprises a failure of a position of a tip of
the catheter 1n the heart to change during a predetermined
time 1nterval.

15. The method according to claim 11, wherein the second
set comprises an electroanatomic map.

16. The method according to claim 11, wherein the second
set comprises positional information of the catheter.

17. The method according to claim 11, further comprising
the step of

varying the predetermined condition between iterations of

generating a first set.
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